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Overview for Today

Provide information about the NGSS
* Understand the adoption process in AZ
* Navigate the standards documents
« Understand the appendix documents
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NGSS iIs Released
Now what?

1. Collect feedback and determine support for adoption.
2. Determine adoption and implementation timeline.

3. Determine assessment requirements and assessment timeline.
(current AIMS science through Spring 2016, possibly longer)

4. Determine PD needs and support materials needed for
Implementation.

The State Board must adopt the NGSS before they become
Arizona’s Science Standards.
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What's Different About the Next
Generation Science Standards?




Conceptual Shifts in the NGSS

1. Reflect the interconnected nature of science and engineering as
It is practiced and experienced in the real world.

Provide student performance expectations, not curriculum
Build science concepts coherently from K-12

Focus on deeper understanding and application of content
Integrate science and engineering K-12

Prepare students for college, career, and citizenship

N o o A~ D

Align with the Common Core State Standards (English
Language Arts and Mathematics).

NEXT GENERATION See Appendix A for more details
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http://www.nextgenscience.org/sites/ngss/files/Appendix A - 4.11.13 Conceptual Shifts in the Next Generation Science Standards.pdf

Three Dimensions Intertwined

C
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Cross-Cutting

e The NGSS are written
as Performance
Expectations

 NGSS will require

contextual application
of the three dimensions
by students.
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Feedback Data from the
May 2012 NGSS Public Draft




General Strengths of the Drafts

Pedagogical Vision
Architecture, including integration of the three dimensions
Rigor required by the NGSS at all grades

Web presentation and interactivity

YV VYV Y Y V

NGSS are well structured and clear about expectations

Clarification statements and assessment boundaries support

additional clarity

> Intentional connections to other NGSS and Common
Core standards

See Appendix B for specific details
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http://nextgenscience.org/sites/ngss/files/Appendix B - Responses to the Public Drafts.pdf

General Areas for Improvement

» Clarity of language

» Integration of critical areas
- mathematics, engineering, crosscutting concepts

» Scope of required content
» Confusion about the role of standards versus curriculum

» Concern about organization of the standards versus
Framework in terms of coding and arrangement

» Concern about the support that will be needed to
Implement the standards

* Professional development, materials, administrator support and
understanding, future assessments

NEXT GENERATION
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Changes to the Drafts

95% of the Performance Expectations have been rewritten,
with more specific and consistent language used

A review focused on college- and career-readiness resulted in
the removal of some content (see Appendix C, coming soon)

Some content shifted grade levels in elementary

Engineering has been better integrated into the traditional
science disciplines

More math expectations have been added to the performance
expectations

Nature of Science concepts have been highlighted throughout
the document

The Science and Engineering Practices matrix has been
revised to provide more clarity

v V. VWV VYV V VY
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What questions do you
have?
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Next Generation Science
Standards Final Release




Supplementary Documents for
NGSS Public Release Il

» Supplementary Documents and Materials Available at
nextgenscience.org

» NGSS Front Matter

» NGSS Structure (How to read the NGSS)
» Commonly Used Abbreviations

» Why Standards Matter?

» Additional Aspects of the NGSS
» Flexibility viewing the standards with two arrangements of the
performance expectations: by topics and by disciplinary core ideas
(DCI)
» Additional flexibility to the website views, allowing users to turn off “pop
up” description boxes (coming soon)
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http://nextgenscience.org/next-generation-science-standards
http://nextgenscience.org/sites/ngss/files/Final Release NGSS Front Matter .pdf
http://nextgenscience.org/sites/ngss/files/Glossary of Topics used in NGSS Standards.pdf
http://nextgenscience.org/sites/ngss/files/How to Read NGSS.pdf
http://nextgenscience.org/sites/ngss/files/Glossary of Topics used in NGSS Standards.pdf
http://nextgenscience.org/sites/ngss/files/Glossary of Topics used in NGSS Standards.pdf
http://nextgenscience.org/sites/ngss/files/Why K12 Standards Matter - FINAL.pdf
http://nextgenscience.org/sites/ngss/files/Why K12 Standards Matter - FINAL.pdf
http://nextgenscience.org/sites/ngss/files/Why K12 Standards Matter - FINAL.pdf
http://nextgenscience.org/sites/ngss/files/Why K12 Standards Matter - FINAL.pdf
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SIGN UP TODAY FOR EMAIL UPDATES

For States, By States
HOME ABOUT THE WHY SCIENCE NEXT GENERATION IMPLEMENTATION
DEVELOPMENT STANDARDS? SCIENCE STANDARDS

Explore the
NGSS

Y
The Next Generation Science
Standards are released

xplore the standards

Latest News

Final Next Generation Science
Standards Released

Update on the Final Release of
the Next Generation Science
ct . Standards
Mmmmmwm The 8, 2012
NGSSwilbebasedonmemmewkiorK 12 Science Education NSTA Statement on Release of

_developed by the National Research Council. Second Public Draft of the Next
Generation Science Standards

This website and the Next Generation Science
Standards are © 2013 Achieve, Inc. All rights reserved.

NEXT GENERATION SCIENCE STANDARDS and the

wWWW.nN eth ensc I ence.o rq ot Iog o e e oF RORRIE. e

Contact Us Press Terms Site Map



http://www.nextgenscience.org/

News
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STANDARDS?

‘The Next Generation Science Standards

FAQ Contact

SIGN UP TODAY FOR EMAIL UPDATES

[

NEXT GENERATION
SCIENCE STANDARDS

IMPLEMENTATION

& Printer-friendly version

The Next Generation Science Standards are now available. Twenty-six states and their broad-based teams worked together with a 41-member

Woughout the country to develop the standards.

74 "} Download PDFs of the NGSS:
NGSS Front Matter
NGSS Structure

Appendloes to the NGSS:
A. Conceptual Shifts

B. Responses to May Public
Feedback

C. College and Career
Readiness (Coming Soon)

D. All Standards, All
Students (Coming Soon)

E. Disciplinary Core Idea
Progressions

learn more about the standards

F. Science and Engineering
Practices

G. Crosscutting Concepts
H. Nature of Science

I. Engineering Design in
the NGSS

J. Science, Technology,
Society, and the
Environment

K. Model Course Mapping i
Middle and High
School (Coming Soo

\L. Connections to

(o

Arranged by Disciplinary Core Idea (DCI) _
Arranged by Topic (N

Interactive versions of the standards will be available soon.

he NGSS are composed of the three dimensions from the NRC Framework. Click on the links to the left
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DCI Arrangement Coding

2-LS2 Ecosystems: Interactions, Energy, and Dynamics

2-1.82 Ecosystems: Interactions, Energy, and Dynamics

Sthudents who demonstrate understandng can:

2-L.82-1. Plan and conduct an investigation to determine if plants need sunlight and water to grow. [Assessment Boundary: Assessment
is limited to besting one variable at a time.]

2-1.52-2. Develop a simple model that mimics the function of an animal in dispersing seeds or pdllinating plants.’*

The performance expectations above were developed using the following elements from the NRC documerk A Sramework far K-12 Science Education:

Science and BEngineering Practices :Q Crosscutting Concepts

Devel oping and Using Models LS2.A: Interdependent Relationships in Ecosystems Cause and Effect

Modeling in K=2 builds on prior experiences and progresses to = Plants depend on water and light to grow, (2-L52-1) = Events have causes that generde

include using and developing models {i.e., diagram, drawing, = Plants depend on animals for pollination or to move their seeds observable patterrs, (2-L52-1)

physicd replica, diorama, dram &ization, or storyboard) that around. (2-L52-2) Structure and Function

represent concrete events or design solutions, ETS1.B: Developing Possible Solutions = The shape and stability of structures
= Develop asimple model based on evidence to represent a = Designs can be conveyed through sketches, drawings, or of ngurd and designed obiects are

proposed obiject or tool. {24.52-2) physicd models, These representakions are useful in related to their function(s) . (2-L52-2)
Planning and Carrying Out Investigations communicating ideas for a problem’s solutions to other people.
Planning and carrying out investigations to answer questions or {zeconday fo 2-£52-2}

test solutions to problems in K=2 builds on price experiences and
progresses ko simple investigations, based on fair tests, which
provide data bo support explanations or design sclutions,
= Plan and conduct an investigation collaboratively bo produce
data to serve as the basis for evidence o answer a
question. (2-1L52-1)

Conneclions fo obher OQx i this grade-feve’: wil be avafable m o befare Aprf 25, 2613,

Arfictdation of GCIE acrozs qrade-fevels: wif be avalable on or before ApeR 26, 201 3.

Common Core State Standards Connedtions: will be available on or before Aoel 26, 201 3.
ELA fteracy -
Mabhematics —
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Topic Arrangement Coding
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2 .Interdependent Relationships in Ecosystems

2.Interdependent Relationships in Ecosystems

Students who demonstrate understanding can:
2-L82-1.

s fmiedio t=tagam= varabk &L atme .|
2-L82-2.
2-LS4-1.

Plan and conduct an investiqation to determine if plants need sunlight and water to qrow. |f=o=smer Boundary: fmoemmem

Develop a simple model that mimics the function of an animal in dispersing seeds or pollinating plants.*
Make observations of plants and anim als to compare the diversity of life in different habitats. |Clavicsion St meat:

Empnass s an Chediymisity af lving Uhngs in machal avaiely of SMmien Nablats.| [fsomzmed. Boundary: fso=mmed do= minduds s pscfic anmal and plant

names i n spedfc Nablas |

The peifoimancs =apedaio e above weie developsd using Uie folbwing =kements fiom Che HRC document A Srameword e 872 Soance Sobianion

Science and Engineering Practices

Developing 4nd Using Mode

Fxdebngin -2 D3 Kk an pio mapeie mes and plogieso= (o
inched= wming and devmlop g modek (e, daqiam, daaing,
physcal impics, dorama, dramatssion, o soyioad ) L
impiesen. conciels mverls o desgnsobfa s,

* Dev=lopa smpk mode | kased on evidencs (o =pies= 5

prpmed obpct o ol (2-152-2)
Plannimg and Carrying Out Investigations
Plann ng amd cany m oul i me=igala ns Lo ansee questons ot
U=, sobfans (o pobkers in K-2 b ks on piol =apeiences and
paqueses (o 5 mpk: meggsion, Gaeed on fs Us=ts, whch
piovde datatn sippait exp bndio s o desgn sabfans.

* Planand mndut an i me=Ggaton mllsborsively Lo poduos
dda o smive & L Bass o) midence D amswe &
qu=tan. {2452-1)

= HMate oEevaians (fhand o fiam media) o mled doa
whch can b= used (0 mate comparsans, (2-L54-1)

Conmections & Neture of Scieme

Scientific Knowledpe is Based on Empirical Evidence
* SomnUgs botfor paleins and e wimn matng
abz=ivaans abou Le wa k. (2-154-1)

i B T TR SR T e
2 Cip lina a‘;zr"‘.x—i‘\‘_'; ‘:\2 as F

LS2.4; Interdependent Relstionshipsin Ecasystems
= Plants d=p=nd an walm and Iqif (o quow. (2-152-1)
= Plants d=p=nd an animak for mlindana o move Uis s
agund, (2-152-2)
LS3.D: Biodiversity and Humans
» Trhme am many dffmient tnds of fvingLhngs inany ama, and
Ly masCindife mnl places an bd and inwale, {2-154-1)
ETSLEB: Developing Posxible Solutions
* Desgm can b= mnveysd Do 5=, dissings, o
physcal mdek. Th=e iepeenrsions a=usfulin
cam muncal g deas o 4 pabkem’s sobfans D offm pmpl.
{semadsy lo 2-L52-2)

Crosscutting Concepts

Cause and Effect
* Everfs Navecames s geamale
abz=ivable pale ns. {2-152-1)
Structure and Runction
* The=shape and sCab Gy of sOUI
of naualand d=igqred b s A=
=l (o Ui fucCians ), (2-152-2)

Connectior lo alhe OCIs i e gade-level: wi be svailadble oo o defove 4o 26, 2012,

Acdico'abion o 0= acvam o adle-levels: wil e suailable o0 o bevove Aocd 26 X013

Conmon Core [ule Kotk Conneclions: wil e availshe o0 o devoee Aovd 26, 2022

Eliitevacy -
Mathemalics -




Topic Arrangement Coding

o M, By Sty

Second Grade

The performance expectations in second grade help students formulate answers to questions
such as: “"How does land change and what are some things that cause it to change? What are
the different kinds of land and bodies of water? How are materials similar and different from
one another, and how do the properties of the materials relate to their use? What do plants
need to grow? How many types of living things live in a place?” Second grade performance
expectations include PS1, 152, LS4, ESS1, ESS2, and ETS1 Disciplinary Core Ideas from the NRC
Framework. Students are expected to develop an understanding of what plants need to grow
and how plants depend on animals for seed dispersal and pollination. Students are also
expected to compare the diversity of life in different habitats. An understanding of observable
properties of materials is developed by students at this level through analysis and classification
of different materials. Students are able to apply their understanding of the idea that wind and
water can change the shape of the land to compare design solutions to slow or prevent such
change. Students are able to use information and models to identify and represent the shapes
and kinds of land and bodies of water in an area and where water is found on Earth. The
crosscutting concepts of patterns; cause and effect; energy and matter; structure and function;
stability and change; and influence of engineering, technology, and science on society and the
natural world are called out as organizing concepts for these disciplinary core ideas. In the
second grade performance expectations, students are expected to demonstrate grade-
appropriate proficiency in developing and using models, planning and carrying out
investigations, analyzing and interpreting data, constructing explanations and designing
solutions, engaging in argument from evidence, and obtaining, evaluating, and communicating
information. Students are expected to use these practices to demonstrate understanding of the
core ideas.
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What questions do you
have?
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New Content

» Appendices have been added to support the NGSS in response to feedback
» Appendix A — Conceptual Shifts

Appendix B — Responses to May Public Feedback

Appendix C — College and Career Readiness (Coming Soon)

Appendix D — All Standards, All Students Readiness (Coming Soon)

Appendix E — Disciplinary Core Idea Progressions

Appendix F — Science and Engineering Practices

Appendix G — Crosscutting Concepts

Appendix H — Nature of Science

Appendix | — Engineering Design in the NGSS

Appendix J — Science, Technology, Society, and the Environment

Appendix K — Model Course Mapping in Middle and High School
(Coming Soon)

» Appendix L — Connections to CCSS-Mathematics (Coming Soon)
» Appendix M — Connections to CCSS-ELA Literacy (Coming Soon)

NEXT GENERATION
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Appendix E: DCI Progressions

. NEXT GENERATION
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Earth Space Science Progression

INCREASING SOPHISTICATION OF STUDENT THINKING

—— e

Far Stales, By Stabes

K-2 3-5 -8 9-12
Stars range greatly in size and Light spectra frotn stars are used to deterrrine
distance from Earth and this their clra;a;teﬁstics, processes, and lifecycles.
can explain their relative Solar activity creates the elements through
ESSLA trightness nuclear fusion, and shott-tenn solar variations
The universe i cause space weather and insolation changes that
and its stars Fatterns of mowvement of : : significantly affect hurranity. The development
The solar system is patt of the IVilky 2 . 3
the sun, moon, and starsas Way, which is one of many billions of of technologlr;s has pmw;igd the gstronormml
seen fromFEarth can be galaxies data that provide the errpinical evidence for the
ob sgrved, described, and ' Big Bang theory.
predicted. Keple’ s laws describe common features of the
ESSl B The Earth’s orbit and rotation, | The solar systetn contains many varied | motions of orbiting objects. Observations from
) and the orbit of the moon objects held together by grawity. Solar | astronotmy and space probes provide evidence
Earth and the
Sl e around the Farth cause system models explain and predict for esplanations of solar system formation.
& observable pattems. eclipses, lunar phases, and seasons. Changes in Farth’stilt and orbit cause climate
changes such as Ice Ages.
: The rock record resulting from tectonic and
: Rock strata and the fossil record can be ; .
e e [t | FEURREAE | DNk | M i
? ; relative occurrence of major historical ; 3 :
planet Earth can occur very slowdy. have occurred ina landscape. SCantiih Farha hiae Farth’s eatly history and the relative ages of
7 major geologic formations.
Four tmajor Earth systems
interact. Rainfall helps to shape Energy flows and matter cycles within | Feedback effects exist within and among Farth’s
ES52.4 the land and affects the types of Sl Srtnne Pk e Sodtams ailiiia systemns
Earth Wind and water change living things found ina region fa e an%E i ’sg’na’iorgsp s '
nnsttginaslsand the shapeiofihe{and. mw’ ;if ‘I;v‘rgik %gc?::s;gisl’s energy sources. Flate tectonicsis one Radioactive decay and residual heat of
¥ 2 g?limgnts ek mal,lar * | result of these processes. formation within Eatth’s interior contribute to
pieces and move them around thetmal convection in the mantle.
ESS2B IMaps show where things ot tt;%tyiﬁofﬁtm” f;g;ur Plate tectorics isthe unifying theory
Plate tectonics | are located One can map andpa 1 i Ma 4 b that explains mowvements of rocks at
and large-scale | the shapes and kinds of O rArTCR, [ Ap S A IR Farth’s surface and geological history.
system land and water injany used plapste feetines ol Iaps are used to display evidence of
: : determine patternsin those
irteractions area. S plate movernent.
éﬁl.ﬂ NDARDS



http://nextgenscience.org/sites/ngss/files/Appendix E - DCI Progressions within NGSS_1.pdf

Appendix F:
Science and
Engineering

Practices / Matrix

Practice 2 Developing and Using Models

Modeling can begin in the earliest grades, with studerts ' models progressing from
coverefe “pictures” andior physical scale models (e.g, a foy car) fo more absfract
represevifafions of relevat relafionships in lafer grades, such as a diagram represefing

Jorces on aparficidar ofjectina spsfem. (NRC Framewoark, 2012, p. 58)

Modelsinclude diagrams, physical replicas, mathematical representati ons, analogles, and computer
amulations. Although models do not correspond exactly to the real world they bring certain features into
focus while obscuting others. A1l models cortain appr oximations and assumptions that limdt the range of
validity and predictive power, soit is important for students to recognize their limitations.

In science, models are used to represent a system (or parts of a system) under study, to ddinthe

devel opment of questions and explanations to generate data that canbe used to make predictions, and to
communicate ideas to others. Students canbe expected to evaluate and refine models thr ough an iter ative
cycle of comparing their predicti ons with the real world and then adjusting them to gain ind ghts into the
phenomenon being modeled. As such, models are based upon evidence. When new evidence is uncovered
that the models can’t explain, models are modified

In engineering, models may be used to analyze a system to see where or under what conditions flaws
might develop, ot to test possible solutions to aproblem. Models can also be used to visualize andrefine a
design, to communicate a design’ s features to others and as prototypes for testing design performance.

Grades K-2 Grades 3-5 Grades 6-8 Grades 9-12
Modeling i K-2 buills anprior | Dodeling i 3-5 builds on K2 IModelng in 6-8 tuilds a K-5 Modelingin $-12builds on K-8
experierces and progresses to experiend e ard progresses to experinces and progress:s to experknces and progressesto using,
chide usivg and dwelpig builling and revising sinpk demebping wig, md revisng syithesiming, wd devebpingm odek
models {ie., dirgam, drwarg, | Rodls wdusingm odek to modek to desarbe, test, mdpredit | to predict wd showrebtiondhips
physicalreplica, diorama, Tepresert everds avd design more abstract prenomera ad design. | amang mariabks betwreen systems
damatiztion, ar staryboard ) that soh:l.n:ns system . ard their componerts ithe rabaal
TeMresent ConTets evants o * Lderdify Imintims Cmodek. | "oy b pations of amodelfor | 2 desigued morks.
design sobtioms. . Cmmdilb;d’?"z@ widbr a roposed objct artool « Brbte merts ad lin dations of
« Distiguish between amodel mi m;'m : ase &T « Develop orm odify a model— tro diferart models of fhe same

ardthe actual chject, process, e L bk based on emiderce —to match bt proposed tool, process,
ardior everts the m odel rebtinshps amorgy £ happens if 3 mriabk or compaert mechankm or system i order to
Tepreserts. far frequerd aud regular of a system is changed. select orrevie 3 model fhat best
« Conparemodek to dertify au“mg”ﬁl' y « Use avdior devebp amodel of fits the emiderce or design citerh .
canmonfeabres and = ;hp AL husmg] . simple systems wthancertatiand | = Designa test of amodelto
differerc es. AR DZY, EXALP :iea- -y less predictable factars. ascertai its reliabiliny.
= Devebp nd/ar wse am odelto W@h ;de:'a = Develop mdbrrevie amodelto | = Develop, revice, andbrus: a
Tepresert am amts, s poep '’ showr the relatiorships am ang modelbased an eviderce to
relatiorships, rehtime scales au and odek to waribles, heliding those thatare ilhstrate andir predict the
(biggzer, analkr), mdia " desci'litaxp . Icnzse& not obsermable but predict relaticships betreen systems or
pattems i the rabmaland pre obsermable plenam exa. betRreen comporerts of A system .
desizned wear fs). ﬁ;}mm& _— = Demelop ndbrus amodelto = Demelop andir use multipk types
= Devebpasimpk modlbasd | ° e.bp 2GR G AP predict wd/ar desabe of models to provide mecharndstic
on emiderc e to Tepresert a W“ﬂﬂmm cotmera phenomera. accourts awdor predict
proposad object or tool popeeed dbject: ol ot « Demelop a modelto desarbe era, mdm are fladbly
s IT?::S; R e wobserrable mechardms. betrreenmode] types based o
ffoct = Demelop mndirus: amodelto merits and lm iations.
m:nmkd.m:l;hmps ax - gevenrate datatotestideasabont = Demelop a canplex modelthat
of enmgl plenomera hoahml ar desiged allwes for mandpabtion md
m & o systems, hehding those testing of aproposed process a
designed system. Tepressrtng kpats mnd axtpats, System .
and those at wrobsermable scaks. = Demelop mdiorus: amodel
(e hdrg mathem atical and
compatatianal ) to generate dtato
sppat explaations, predict
plenomera, aalkyz: system s,

andior sobme problems.



http://nextgenscience.org/sites/ngss/files/Appendix F  Science and Engineering Practices in the NGSS _0.pdf

Appendix G: Crosscutting Concepts / Matrix

NGSS Crosscutting Concepts*

2 Scale, Propostion, and Guastily - In considering pheromena, it is aitical to recognize what is relevant at differert size, time, and energy scales, andto recognize
proportional relationships between different quantities as scales dhange.

K-2 Crosscutting Statements

3-5 Crosscutting Statements

6-8 Crosscutting Statements

9-12 Crosscutting Statements

= Relative scdes allow objects and events
to be compared and described (24,
bigger and srndler; hotter and colder;
Faster and slower) .

= Standard units are used to measure
length,

Matural obects and for obserable
phenomena exist from the very small to
the irrmenselylarge or from very short
to wery long time periods,

= Standard units are used to measure and
describe physical quantities such =
weigt, time, terperature, and wlume,

= Time, space, and enerqy phenomena can be
observed & various scales using models to study
systerre that are too large or too smdl,

= The observed function of natural and designed
systere may change with scde,

= Proportional relationships (e 4., speed = the
ratio of distance traveled to time taken) armong
different types of quantities provide information
about the maagnitude of properties and
processes,

= Scientific relationships can be represented
through the use of alqebraic expressions and
equations,

= Phenomenathat can be observed at one scde
rmaynot be observable at another scale,

= The significance of a phenomenon is dependent
on the scale, proportion, and quantity at which it
OCCUrS

= Somne systerrs can only be studied indirectly as

they are too small, too large, too Fast, or too

slowto obsere directly,

Patterns observable at one scale may not be

obsenable or exist at other scales.

= Lking the concept of orders of magnitude dlows

one to understand how a model 2 onescde

relates to a model & another scale,

Hagebraic thinking is used to examine scientific

data and predict the effect of a change in one

atiable on another (e.q., linear growth s,

exponential growth)

4. Systems and System Models -2
syskems,

system is an orqarized group of related objects or comporents; models can be used for ui

rderstanding and pradicting the behavior of

K-2 Crosscutting Statements

3-5 Crosscutting Statements

6-8 Crosscutting Statements

9-12 Crosscutting Statements

= Chjects and organisms can be
described in terms of their parts,

= Systems in the natural and designed
world hawe parts that work together,

= A system is a group of related parts
that make up awhole and can camryout
functicns its individual parts cannot,

= Asystem can be described in terms of
its cornponents and their interactions.

= Systerre mayinteract with other systemns; they
mayhawe sub-systems and be a part of larger
complex systerns,

= Models can be used to represent systems and
their interactions—such as inputs, processes and
outputs—and enerqy, mater, and information
Aows within systems.,

= Models are limited in that theyonly represent
cemtain aspects of the systern under study.

Sieterns can be designed to do specific tasks,
When inwestig &ing or describing a system, the
boundaries and initial conditions of the system
nead to be defined and their inputs and outputs
andyzed and described using models.
= [Madels (2.q., physical, mathematical, computer
rodels) can be used to sirul 2te systers and
interactions—including enerqy, mater, and
information Rows—within and between systers
2 different scdes,
= Models can be used to predict the beh avior of a
systemn, but these predictions have lirited
precision and reliability due to the assumptions
and approximations inherent in models,



http://nextgenscience.org/sites/ngss/files/Appendix G - Crosscutting Concepts FINAL edited_0.pdf

Appendix H: Nature of Science

Owerview

One goal of science education 1sto help students understand the nature of scientific knowledge. This matniz presents eight major themes and grade level
understandings about the nature of science. Four themes extend the scentific and engineenng practices and four themes extend the crosscutting concepts. These
eight themes are presented in the left column. The matnx describes learning outcomes for the themes at grade bands for K-2, 3-5, middle school, and high
school. Appropnate learning outcomes are expressed in selected performance expectations and presented in the foundati on boxes throughout the standards.

Understandings about the Nature of Science

Categories K-2 3-5 Middle School High School
Scientific = Sdence imestigatiors » Sgerce methods are determined | » Sdence investiqatiors wse a variety of methodks and | = Science imvestigations wse dverse methods and do not always use the
Investigations Use a begn with a question. by questicrs. tocls to make measurements and cbservaticrs . same set of procedures to cbtain data,
Yariety of Methods = Sdence wses dfferert = SHence investigatiors wse a = Sgence investigatiors are guidad by a set of walues = New tedhnclogies advance sciertific knowledge

ways to study the word,

wariety of methods, todls, and
techrigues.,

to ercure acouracy of me aswremerts, cbservations,
and obje divity of indngs.

= SHence deperds on evaluating propased
explanatiors,

= Sgertific values function as ariteria in distinguishing
between sdence and morrsdence,

= Sciertificinguiry is characterized by a common set of values that
include: loqical thirking, predsion, operrmindedness, cbiedinity,
skeptidsm, replicakility of resuts, and horest and ethical reporting of
firdinas.

The dscourse practices of sdence are crgarized around dsciplinary
domairs that share exernplars fior making dedsions regarding the
values, irstruments, methods, models, and evidence to adopt and wse,
Sciertific imestigatiors 1se a variety of methods, todls, and
techrigues to revise and produce rew knoaedge.

Scientific Knowledge

= Sdentists lock for

= Shence findngs are based on

= Sgence krowledge is based upon logical and

Science knoaedge is based on empirical evidence,

is Based on Empirical pattems and ceder when recogrizing patterrs, oonceptual corrections between evidence and = Science dsciplimes share common rues of evidence wsed to evduate
Evidence making cbe ervations = Sgence uses todls and explanatiors. explanatiors about matural systems,
about the world, technaologies to make acourate = Sgence disciplines share common rdes of cbtairing | = Science includes the process of coordinating patterre of evidence with
measwremnerts and ard evaluating empirical eviderce, aurrert thecey,
cbservatiors . = Science agumerts are strengthene d by mutiple limes of evidence
supperting a sinde explanation.
Scientific Knowledqe |=* Sdence knoaedge can = Sgence explanatiore canchange | » Sdertific explanatiors are subjedt to revision and = Sciertific expl anations can be pecbabilistic,
is Open to Revision in change when rew based on rew eviderce, imprcvernert in light of mew evidence, = Most sciertific knowledae is quite darable but is, in prindple, subject
Light of New Evidence irformn ation is found, = The certairty and durakility of science findngs to change based on rew evidence andfor reinterpretation of existing

vaies,
= Sdence findngs are frequertlyrevised and/for
reinterpreted based on mew evidence,

evidence,

Sciertific argumentation is a mode of logical dscowrse wsed to clatify
the strength of relaticrships bebween ideas and evidance that may
resut in revision of an explanaticn,

Science Models, Laws,
Mechanisms, and
Theories Explain
Natural Phenomena

Sdence wses drawings,
sketches, and models as
a way to commurnicate
ideas,

Sdence searches for
cawse and effect
relatiorships to explain
natuwral everts,

= Sgerce thecries are basedon a
body of evidence and marny
tests,

= Sgence explanatiors desaribe
the mecharisms for natural
everts,

= Thecties are explanations for cbservable
phencmena,

= Sgerce thecries are based on a body of evidence
developed over time,

= Lans are regd arities or mathematical desariptices of
natural phenomena.

= Ahypothesis is wsed by sdertists as an idea that
may contribute import ant rew krowdedge For the
evaluation of a sciertific thecey.

= The term "thecry” as usedin sdence is very dfferert
from the common wse outside of sdence,

Thecries and laws provide explanatiors in sdence, but thecries do ot

with time become laws or Facts.,

& sdertific theory is a subst artiated explanation of scre asped of the

ratural wedd, based on a body of Fads that has been repeatedy

corfitme d through cbs ervation and experiment, and the science

commurit y validates each thecry before it is accepted. If rew

evidence is discovered that the theory does not accommodate, the

theory is gererally modfied inlight of this rew evidence,

= Models, mechanisms, and explanaticrs callectively sere as todls in
the dewelopment of a sciertific thecey.

= Laws are statements cr descripticns of the relaticrships amorg
cbeervable pheromena.

= Sciertists often wse hypotheses to develop and test thecries and

explangiors.
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Appendix |: Engineering Design in the NGSS

Grades K-2

Engineeting designin the earliest grades introchuces students to “problems” as situations that
people wart to change. They canuse tools and materials to solve simple problems use different
represertations to cotrvey solutions, and compare different solutions to a problem and determine
whichisbest. Studentsin all grade levels are not expected to come up with original solutions,
although ariginal solutions are always welcome. Emphasis is onthinking through the needs or
goals that needtobemet, andwhich solutions best meet those needs and goals.

oplewa

lmpeas
problems that can
besolvedtirough

SpNeaMp

sohution’s through
visual o plorsical
represatations

UETLUL Y SULLELY.

Performance Expectations That Incorporate Engineering Practices

Physical Science Life Science Earth and Space Engineering
Science
K |K-P32-2 K-E333-2 K-2-ET31-1
K-P33-2 K-ES33-3 K-2-ET31-2
1 |1-PS44 1-L31-1 K-2-ET51-3
2 2-P51-2 2-152-2 2-E532-1
3 3-P32-4 31344 3-E533-1 3-5-ET51-1
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Appendix J: Science, Technology, Society, and the Environment

The foll owing matrix summarizes how the two core ideas discussed in this chapter progress
across the grade levels.

1. Irterdependence of Science, Engineerinig. and Technology

K-2 Connections 3-5 Connections 6-8 Connections 9-12 Connections
Statements Statements Statements Statements
» Science and engineering | ¢+ Sdence and techndogy | e Enginesring advances have + Science and engineering
invalve the use of todls support each other, led to impor tant disooveries in complement each other in the
to observe and measure |« Tods and instruments virtually every field of science cycle known as research and
things. are used to answer and sciertific discoveries have development (RED),
srienfific questions, led to the developrnent of s Mary RED projects may
while scienfific entire industries and irvaolve scientists, enginesrs,
discoveries lead 1o the enginesred systems., and others with wide ranges of
developrnent of new s Srience and techrology drive expertize,
techndoges. gach ather forward,

2, Influence of Erygineeringg, Tedhnology, and Sdence on Saciety and the Aatural World'

K-2 Connections 3-5 Connections 6-8 Connections a-12 Connections
Statements Statements Statements Statements

& Every humnar-made + People’s needs and « Al huran adivity draws on « Modern dvilization depencs on
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Appendix K: Model Course Mapping in Middle and High School (coming soon)

Maodified Science Domains Model (8-12)

Biology Chemistry Physics
H5-L51-a H5-P51-a H5-PS2-a
ISLA H5-151-b H5-P51-b PS4 H5-P52-b
HE-L51-C HS-P51-C HS-PS2-C
H5-151-d PSLA H5-P52-f ps3B H5-P52-d
HE-L51-8 Hs-P51-d ) HS-PS2-2
R T H5-P5Lj [hsesig |
H5-L51-g H5-P53-g PS2.C H5-P52-b
H5-L53-C H5-P51-e H5-PS2-C
H5-151-h H5-P51-f H5-PS3-a
H5-L51-i P5L.B H5-P51-E P53.4 H5-P53-b
H5-151+j H5-P51-h H5-PS3-C
LSLC H5-Ls2-d H5-P51-i H5-PS3-3
H5-152-g Ps2.C H5-PS1-E PS3.B H5-P53-b
H5-L52-8 P53.B HS-P53-d
HS-LS2-C P53.0 HS-P53-d H5-P53-f
51D H5-151-k E5SS2.C H5-E552-i P53.C H5-PS3-
H5-151- H5-ES52-j H5-PS3-3
A e Eeare e
- 1 -C
Eee Sl — e
H5-L51- HS-ES53-g H5-P54-a
528 Hs-Ls2-d H5-E553-h H5-P54-8
H5-152-g ESS3.A HS-E553-3 P54.B H5-P5a-f
H5-152-8 H5-Es53-b H5-PS4-p
H5-152-f H5-E553-i H5-P54-h
H5-152-h ESS3.D HS-ES53-¢ H5-E551-h
5.0 HS-I_il-? H5-ES53-h ESSLA HS-ES51-C
HE-152-) HS-ES51-3
H5-L52-b HS5-ES51-d
Ls2.0 H5-Ls2-k H5-ES51-8
H5-153-3 EssLB H5-E551-f
L53.4 H5-L53-b HS-ESS2-C
H5-153-d H5-E552-d
L54.4 H5-154-f H5-ES552-3
H5-L54-b ESS2.A HS5-ES52-b
e [E e
HS-L54-C
H5-154-2 HS-ESS2-8
H5-Ls4-b HS-ES52-h
H5-154-d H5-E552-d
Lsa.C H5-154-C ES52.B H5-ES52-3
H5-L54-8
H5-L54-3
54,0 |-|5.|_u.! KEY
HE-152 | ‘ PE appears in more than one DCl in the same course. |
HS-ES51-F
TN =
& PE shared across more than one course because a
component idea is divided between courses.
ESSZ.E H5-E551-1
H5-ES53-C
HEHT EEHEH*T”]H Es53.8 H5-ES53-d PE appears in more than one course and it is
scl ENCE E553.C H5-ES53-8 connected to more than one DO component ides in
H5-E553-F the same course.

Far Ststes, By Stabes



Appendix L: Connections to Common Core Mathematics (coming soon)

B NEXT GENERATION

~ SCIENCE

=Y STANDARDS

“" For States, By States

S5.ESP Earth Surface Processes

As part of this work, teachers should give students opportunities to use the coordinate plane:

5.G.2. Represent real world and mathematical problems by graphing points in the first
quadrant of the coordinate plane, and interpret coordinate values of points in the context of
the situation. Science example: Plot monthly data for high and low temperatures in two
locations, one coastal and one inland (e.g., San Francisco County vs. Sacramento). What
patterns do you see? How can the influence of the ocean be seen in the observed patterns?

Alignment notes: (1) Trends in scatterplots and patterns of association in two-way tables are not
expected until Grade 8.

5.SS Space Systems: Stars and the Solar System

As part of this work, teachers should give students opportunities to use the coordinate plane:

5.G.2. Represent real world and mathematical problems by graphing points in the first
quadrant of the coordinate plane, and interpret coordinate values of points in the context of
the situation. Science examples: (1) Over the course of a year, students compile data for
the length of the day over the course of the year. What pattern is observed when the data
are graphed on a coordinate plane, and how can a model of the sun and Earth explain the
pattern? (2) Students are given (x,v) coordinates for the Earth at six equally spaced times
during its orbit around the sun (with the sun at the origin). Students graph the points to
show snapshots of Earth’s motion through space.
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http://www.azed.qov/standards-practices/next-generation-science-standards/

All Programs

‘The Next Generation Science Standards — Development Process
» FIND A SCHOOL

The final version of the NGSS were released on April 9, 2013. While the

District Charter Private performance expectations in the NGSS arg complete, there are other
Schools Schools Schools components of the NGSS that are still not in complete and final format. ® SSESSMENT
The currentversion of the NGSS and supporting documents can be found

on the NextGenScience.org web page for your review.

The ADE appreciates all the comments received during the public review ® RACE to the TOP (l T I)
process and would like to collect additional feedback on the NGSS as we
consider these standards. During the review process, Appendix J in the draft
document provided information about possible course models. This
document is currently under revision and will be Appendix K in the final version
|\when itis released atthe end of April. To review possible course models prior
to April, please see the January DRAFT version of Appendix J.

) EDUCATOR ENGAGEMENT!
OPPORTUNITIES

Provide Feedback to the Arizona Department of Education
Preview the ADE Survey (download PDF)

Arizona

Webinar: Introducing the Next Generation Science Standards n Enns

April 11, April 25, May 9, May 23: 3:30-4:30 PM MST

EVENT CALENDAR
2013

|Archived Webinars and Presentations 2 3 4l e @ 7 8

Powerpoint presentation on the Framework and development of the NGSS. 9 10 M 12 1B 14 15
16 17 18 19 20 21 22

72 24 Rl " 7 "% na
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ADE Feedback Survey

Strengths and Weaknesses

The following questions ask about the strengths and weaknesses of the MNext Generation Science Standards,

18. I support Arizona adopting science standards that are common and shared with other states, *
Strongly Agree
Adree
Metral
Disagree

Strongly Disagree

19, I support the State Board of Education adopting the Next Generation Science Standards as Arizona's science
standards.*

Strongly Agree
Agree

MeLtral
Cisagree

Strongly Disagree

20, Flease comment about whether Arizona's State Board of Educaton should adopt the Mext Generation Science
Standards as Arizona's Science Standards.

]
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What questions do you
have?



